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1
MOTOR CONTROL DEVICE AND CONTROL
METHOD OF STEPPING MOTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motor control device
and a control method of a stepping motor, and particularly,
to a motor control device and a control method of a stepping
motor which measure a back electromotive voltage to detect
out-of-step.

2. Description of the Related Art

A stepping motor has various features, for example, the
stepping motor is easily controlled, and is widely used for
various actuators, and the like. The stepping motor includes
a stator and a rotor which have no contact with each other,
and thus has a long life. Also, large static torque is obtained
when the stepping motor is in an excited state.

In the stepping motor, so-called out-of-step may occur,
and occurrence of out-of-step may cause a problem. If the
stepping motor becomes out of step, the rotor may not
normally rotate, resulting in the uncontrollable state. Out-
of-step may be caused by loss of synchronization between
an input pulse signal and rotation of a motor, for example,
when an excessive load greater than a driving torque of the
motor is applied or when a rapid speed change occurs.

In general, the stepping motor is used for controlling an
angle and speed of rotation with a high degree of accuracy.
Since the stepping motor manages its rotational position
according to the number of pulses oscillated from a control
side, if detection of out-of-step is delayed and only control
proceeds, a driving object such as a position of a gear may
deviate. Also, if detection of out-of-step is delayed, acoustic
noise may be caused. Therefore, in order to perform an
appropriate operation in the actuator or the like using the
stepping motor, it is required to quickly detect occurrence of
out-of-step.

That is, when the stepping motor becomes out of step, it
is necessary to quickly detect out-of-step, and quickly per-
form error processing such as stopping rotation or returning
to a normal rotation state. Therefore, in the stepping motor,
a circuit or a system for detecting out-of-step and then
performing error processing is often used.

Incidentally, the following technique related to an appa-
ratuses using a stepping motor has been disclosed. JP-A-
2007-215271 discloses a technique for performing control
s0 as to prevent superfluous driving pulse signals from being
fed into a stepping motor in an initialization operation when
driving of the stepping motor is controlled without using a
rotational position sensor or the like. That is, when the
initialization operation is performed, the stepping motor is
driven in a predetermined rotation direction, and an induced
voltage generated between winding wires of non-excitation
phases is compared with a predetermined reference voltage,
whereby a rotation state of the motor is detected. If it is
detected that the motor is locked, control is performed such
that the motor rotates reversely by a predetermined number
of pluses based on a predetermined driving pulse signal.

JP-A-2002-199794 discloses a technique for rotating a
stepping motor used in a recorder reversely if out-of-step is
detected, as a method of restoring rotation of the motor when
out-of-step of the motor is detected.

This process is performed for grasping a leading end of a
paper sheet missed due to the out-of-step. Further, JP-A-
2002-199794 also discloses a technique for rotating the
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motor while gradually reducing the rotation speed to prevent
out-of-step when performing forward rotation after the
reverse rotation.

SUMMARY OF THE INVENTION

In the meantime, when the stepping motor is used in the
actuator having an end stop, if the motor reaches the end stop
in the middle of moving in a certain direction, a motor
control device detects out-of-step of the motor. If out-of-step
is detected as described above, the motor control device
generally performs control so as to stop the motor. Accord-
ingly, the actuator can be held at an end stop position.

However, even if the actuator is configured to be held at
the end stop position as described above, there may be a
problem that the actuator may spontaneously move in a
direction away from the end stop. In other words, there may
be a problem that the actuator may not be held at the end stop
position, which causes the actuator to be uncontrollable.

This problem may occur, for example, as follows. That is,
immediately before the actuator reaches the end stop so as
to be stopped, due to a torque applied by the motor, a strain
(a repulsive force to act reversely) is generated inside the
actuator. If the motor is stopped in a state where the strain
has been generated as described above, the motor cannot
withstand the repulsive force generated by the strain, and
thus rotates in a direction in which the repulsive force is
alleviated (released). As a result, the actuator moves in a
direction away from the end stop (the reverse direction).

If this problem occurs, the following defects would be
caused. That is, when the motor control device controls the
stepping motor, the motor control device uses a distance to
a target position as the number of control steps to perform
position management. Therefore, if the position manage-
ment becomes deviated, the motor moves to a position
deviated from an original target position. Since the actuator
using the stepping motor generally does not use a position
sensor, if the motor moves on its own (spontaneously) in a
state where control is not performed by the motor control
device as described above, the motor control device cannot
detect the movement of the motor, and the deviation cannot
be corrected (the deviation cannot be detected).

For example, when the actuator is used for driving a flap
of an in-vehicle air conditioner, the above-described prob-
lem can be described as follows. That is, when the flap
reaches the end stop so as to stop, if the actuator spontane-
ously moves reversely, the force of the flap pressing the end
stop weakens. Therefore, even when the flap is configured to
be closed at the end stop, the position of the flap spontane-
ously separates away from the end stop, and the flap cannot
be maintained in a completely closed state. Also, if the
actuator is separated from the end stop, even though the
motor is controlled, there is a possibility that the position
management will be deviated, and in the subsequent opera-
tion, the position of the flap cannot be controlled appropri-
ately.

The present invention has been made in view of the above
circumstances, and an object of the present invention is to
provide a motor control device and a control method of a
stepping motor which are capable of preventing the motor
from spontaneously rotating in a rotation direction reverse to
a previous rotation direction after the motor becomes out of
step to stop.

According to an illustrative embodiment of the present
invention, there is provided a motor control device control-
ling an energizing state of a coil of each phase for driving a
stepping motor having multiple phase coils. The motor
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control device includes a detecting unit configured to detect
whether the stepping motor is out of step, and a reverse
rotating unit configured, when the detecting unit detects that
the stepping motor is out of step, to rotate the stepping motor
in a second rotation direction reverse to a first rotation
direction, which is a rotation direction of the stepping motor
before detecting out-of-step, by a number of steps with
which a stress received by the stepping motor is alleviated,
before the stepping motor spontanecously rotates in the
second direction.

The above motor control device may further include a
re-driving unit configured to drive the stepping motor in the
first rotation direction again after a rotation operation in the
second rotation direction by the reverse rotating unit fin-
ishes.

In the above motor control device, when driving the
stepping motor in the first rotation direction, the re-driving
unit may be configured to drive the stepping motor while the
detecting unit detects whether the stepping motor is out of
step.

In the above motor control device, when driving the
stepping motor in the first rotation direction, the re-driving
unit may be configured to drive the stepping motor by a
torque smaller than a normal torque during a previous
rotation in the first rotation direction.

In the above motor control device, when driving the
stepping motor in the first rotation direction, the re-driving
unit may be configured to drive the stepping motor by a
torque in a range from 50% to 90% of a normal torque
during a previous rotation in the first rotation direction.

In the above motor control device, when driving the
stepping motor in the first rotation direction, the re-driving
unit may be configured to drive the stepping motor by an
amount of driving which is smaller than an amount of
driving in the second rotation direction by the reverse
rotating unit.

The motor control device may further include an acquir-
ing unit configured to acquire temperature information on a
temperature of the stepping motor or a temperature corre-
sponding to the temperature of the stepping motor, and the
detecting unit may be configured to detect whether the
stepping motor is out of step based on a detection reference
for detecting out-of-step of the stepping motor according to
the temperature information acquired by the acquiring unit.

According to another illustrative embodiment of the pres-
ent invention, there is provided a control method of a
stepping motor having multiple phase coils. The control
method includes detecting whether the stepping motor is out
of step, and when it is detected that the stepping motor is out
of step, rotating the stepping motor in a second rotation
direction reverse to a first rotation direction, which is a
rotation direction of the stepping motor before detecting
out-of-step, by a number of steps with which a stress
received by the stepping motor is alleviated, before the
stepping motor spontaneously rotates in the second direc-
tion.

According to the above-described configuration, when it
is detected that the stepping motor having rotated in the first
rotation direction is out of step, after this detection, before
the stepping motor spontaneously rotates in the second
rotation direction reverse to the first rotation direction, the
stepping motor rotates in the second rotation direction by a
number of steps with which the stress received by the
stepping motor is alleviated. Therefore, it is possible to
provide the motor control device and the control method of
the stepping motor which are capable of preventing the
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4

motor from spontaneously rotating in a rotation direction
reverse to a previous rotation direction after the motor
becomes out of step to stop.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a block diagram showing a configuration of an
actuator according to an illustrative embodiment of the
present invention;

FIG. 2 is a view schematically showing a circuit configu-
ration of a stepping motor;

FIG. 3 is a flow chart explaining a process of driving a
stepping motor which a motor control device performs;

FIG. 4 is a flow chart showing an out-of-step detecting
method according to the illustrative embodiment;

FIG. 5 is a view showing an example of a reference value
set table;

FIG. 6 is a flow chart showing a post out-of-step-detection
process according to the illustrative embodiment; and

FIG. 7 is a view explaining the post out-of-step-detection
process.

DETAILED DESCRIPTION

Hereinafter, a motor control device according to an illus-
trative embodiment of the present invention will be
described.

The motor control device is, for example, configured to
drive a stepping motor having multiple phase coils. The
motor control device controls an energizing state of a coil of
each phase for driving the stepping motor. In the present
illustrative embodiment, the motor control device includes a
drive circuit for energizing the coils of the stepping motor,
and a control circuit for controlling the drive circuit. In other
words, a portion of the motor control device configures the
control circuit.

The motor control device and the stepping motor which is
driven by the motor control device configure an actuator. In
the actuator, the stepping motor is driven by driving power
supplied based on electric power supplied from a power
source by the drive circuit. In the actuator, the drive circuit
is controlled by the control circuit, so that driving of the
stepping motor is controlled.

[Ilustrative Embodiment]

FIG. 1 is a block diagram showing a configuration of an
actuator according to an illustrative embodiment of the
present invention.

As shown in FIG. 1, an actuator 1 includes a motor control
device 10, a stepping motor 20, a gear box (not shown), and
a casing (not shown) for accommodating them. The stepping
motor 20 is driven, for example, by two-phase excitation of
phase A and phase B. The stepping motor 20 includes a coil
of the phase A and a coil of the phase B (shown in FIG. 2).
Electric power is supplied from the motor control device 10
to the coils of each phase, whereby the stepping motor 20 is
driven. The stepping motor 20 is used, for example, as an
actuator for an air conditioner mounted in a vehicle. Inci-
dentally, the usage of the stepping motor 20 and the actuator
1 are not limited thereto.

The motor control device 10 includes a control circuit 12
and a drive circuit 14.

The drive circuit 14 includes a motor drive unit 142 and
a current sensor 144. The drive circuit 14 supplies electric
power to the stepping motor 20, thereby driving the stepping
motor 20.
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The control circuit 12 includes a CPU (central processing
unit) (an example of a detecting unit and an example of a
re-driving unit) 122, a current measuring unit 124, a back
electromotive voltage measuring unit (an example of a
measuring unit) 126, and a temperature measuring unit (an
example of an acquiring unit) 128. The control circuit 12
controls the drive circuit 14 to control driving of the stepping
motor 20. In the present illustrative embodiment, the control
circuit 12 is packaged as an IC (integrated circuit).

The motor drive unit 142 is a module for applying voltage
to the coil of the each phase of the stepping motor 20. The
motor drive unit 142 receives a control signal from the CPU
122. The motor drive unit 142 applies the voltage based on
the control signal. In the present illustrative embodiment, the
drive circuit 14 and the stepping motor 20 are connected by
four lines, that is, a positive phase A line, a negative phase
A line, a positive phase B line, and a negative phase B line.
The motor drive unit 142 supplies electric power to the
stepping motor 20 through those lines based on the control
signal.

The current sensor 144 is a module for sensing current (a
coil current) flowing in a coil of the each phase of the
stepping motor 20. The current sensor 144 outputs the
sensing result of the coil current to the current measuring
unit 124.

The current measuring unit 124 is a module for measuring
the coil current of the stepping motor 20. The current
measuring unit 124 receives the sensing result of the coil
current output from the current sensor 144. The current
measuring unit 124 measures the coil current based on the
received sensing result. The current measuring unit 124
outputs the measuring result of the coil current to the CPU
122.

The back electromotive voltage measuring unit 126 is a
module for measuring a back electromotive voltage induced
in the coil of the each phase of the stepping motor 20. In the
present illustrative embodiment, the back electromotive
voltage measuring unit 126 is connected to each of the four
lines connecting the drive circuit 14 and the stepping motor
20. The back electromotive voltage measuring unit 126
outputs the measuring result of the back electromotive
voltage to the CPU 122.

The temperature measuring unit 128 is, for example, a
temperature sensor for measuring the temperature of the IC
of the control circuit 12. The temperature measuring unit
128 outputs temperature information representing the tem-
perature of the control circuit 12 to the CPU 122.

The CPU 122 receives the measuring result of the coil
current output from the current measuring unit 124, the
measuring result of the back electromotive voltage output
from the back electromotive voltage measuring unit 126,
and the temperature information output from the tempera-
ture measuring unit 128. The CPU 122 generates the control
signal for controlling a voltage applied to the stepping motor
20. The CPU 122 generates the control signal based on the
measuring result of the coil current when driving the step-
ping motor 20. The CPU 122 outputs the generated control
signal to the motor drive unit 142.

FIG. 2 is a view schematically showing a circuit configu-
ration of the stepping motor 20.

As shown in FIG. 2, the stepping motor 20 includes two
coils 21a and 2154, a rotor 22, and a plurality of stator yokes
(not shown).

Each of the coils 21a and 215 is a coil for exciting the
stator yokes. Each of the coils 21a¢ and 215 is connected to
the drive circuit 14. The coil 21a is the coil of the phase A.
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The coil 215 is the coil of the phase B. In the coils 21a and
215, coil currents of different phases flow, respectively.

The rotor 22 includes a multi-pole permanent magnet
magnetized such that a south pole 22s and a north pole 22»
are alternately reversed. Also, in FIG. 2, the rotor 22 is
simply shown to include one south pole 22s and one north
pole 22x. The stator yokes are disposed around the rotor 22
close to the periphery of the rotor 22. The phases of the coil
currents flowing in the coils 21a and 215 are periodically
switched, whereby the rotor 22 rotates.

In the present illustrative embodiment, when the stepping
motor 20 is driven, the CPU 122 and the motor drive unit
142 apply a pulse voltage subjected to pulse width modu-
lation to each of the coils 21a and 215.

The stepping motor 20 is driven as follows. That is, a
pulse voltage (a coil voltage V) is applied to the coil 21a
such that the polarity of a coil current I, (that is, the direction
of the coil current 1) varies in a predetermined cycle.
Meanwhile, a pulse voltage (coil voltage V,) is applied to
the coil 215 in the same cycle as that of the coil 21a. The
pulse voltage is applied to the coil 215 such that the polarity
of a coil current I, (that is, the direction of the coil current
1,) varies later than the coil current I, by a predetermined
phase.

If the coil currents 1, and I, flow in the coils 21a and 215,
respectively, the stator yokes of the coils 21a and 215 are
excited according to the polarities of the coil currents I, and
I,. As a result, the rotor 22 rotates in a predetermined step
unit.

Here, the motor control device 10 performs a process of
driving the stepping motor 20 as will be described below.
The driving process includes an out-of-step detecting pro-
cess and a post out-of-step-detection process.

FIG. 3 is a flow chart explaining the process of driving the
stepping motor 20 which the motor control device 10
performs.

Referring to FIG. 3, in a Step S101, the motor control
device 10 performs a process (an out-of-step detecting
process) of detecting whether out-of-step of the stepping
motor 20 occurs (whether the stepping motor 20 is out of
step) by an out-of-step detecting method as will be described
below. The CPU 122 uses the respective units of the control
circuit 12 to perform processes, whereby the out-of-step
detecting process is implemented. The out-of-step detecting
process finishes when it is detected that out-of-step of the
stepping motor 20 occurs as will be described below, and
then the process of a Step S102 is performed.

In the Step S102, the post out-of-step-detection process is
performed. According to the present illustrative embodi-
ment, in the post out-of-step-detection process, the stepping
motor 20 is not stopped immediately after the out-of-step
detection, but a predetermined process is performed. There-
fore, it is possible to prevent the actuator 1 (not shown) from
spontaneously moving after the out-of-step detection. If the
Step S102 finishes, a series of operations during occurrence
of out-of-step finishes.

First, the out-of-step detecting process will be described.

Whether out-of-step of the stepping motor 20 occurs is
detected when the CPU 122 is performing a driving process
of driving the stepping motor 20. The driving process is
repeated during a time period from when driving of the
stepping motor 20 starts to when the driving of the stepping
motor 20 stops. The detection is performed based on the
back electromotive voltage measured by the back electro-
motive voltage measuring unit 126, and the temperature
information acquired by the temperature measuring unit
128. The detection is performed based on an out-of-step
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detection reference value (an example of a detection refer-
ence) set as will be described.

The flow of the out-of-step detecting method (the out-of-
step detecting process) which the CPU 122 performs will be
described below.

FIG. 4 is a flow chart showing the out-of-step detecting
method according to the present illustrative embodiment.

As shown in FIG. 4, if the out-of-step detecting process
starts, in a Step S111, the CPU 122 controls the temperature
measuring unit 128 to measure a temperature. As a result, the
temperature information is acquired.

In a Step S112, the CPU 122 selects and sets the out-of-
step detection reference value based on the acquired tem-
perature information.

In a Step S113, the CPU 122 controls the back electro-
motive voltage measuring unit 126 to measure the back
electromotive voltage.

In a Step S114, the CPU 122 detects whether the stepping
motor 20 is out of step. If it is not detected that the stepping
motor 20 is out of step, the CPU 122 repeats the Steps S113
and S114 to measure the back electromotive voltage and
detect whether the stepping motor 20 is out of step.

If it is detected in the Step S114 that the stepping motor
20 is out of step, in a Step S115, the CPU 122 performs a
process of stopping the stepping motor 20. If the stepping
motor 20 stops, the out-of-step detecting process on the
stepping motor 20 finishes. Thereafter, the post out-of-step-
detection process (to be described below) is performed.

Here, in the above-described process of the Step S113, the
back electromotive voltage is measured as follows. When
the direction of any one of the coil currents I, and I, flowing
in the coils 21a and 215 of phase A and phase B is switched,
the CPU 122 temporarily stops application of the pulse
voltage to the corresponding coil 21a or 215 (a stop period).
During this stop period, the back electromotive voltage
measuring unit 126 measures the back electromotive volt-
age, induced in the coil 21a or 215 of the phase to which the
pulse voltage is stopped application, separately (for each
phase or for each coil).

That is, if the polarity of the coil 21a changes, application
of the pulse voltage to the coil 21q is stopped such that the
coil current I, becomes zero. In this stop period, a back
electromotive voltage is induced in the coil 21a. Also, if the
polarity of the coil 215 changes, application of the pulse
voltage to the coil 215 is stopped such that the coil current
1, becomes zero. In this stop period, a back electromotive
voltage is induced in the coil 215. The back electromotive
voltage measuring unit 126 measures those back electromo-
tive voltages.

More specifically, during the driving of the stepping
motor 20, the pulse voltages are applied to the coils 21a and
21b according to control of the CPU 122 (PWM control). As
a result, the coil currents I, and I, flow in the coils 21a and
21b, respectively.

When the PWM control is performed, thereafter, an
energizing stopping process and constant voltage control are
performed. For example, when the energizing stopping
process is performed on the coil 21a, the application of the
pulse voltage to the coil 21q is stopped for a predetermined
stop period. As a result, the coil current I, becomes zero. The
stop period is arbitrarily set by the CPU 122. For example,
the CPU 122 may set a predetermined stop period, or may
receive setting of the stop period from the outside of the
actuator 1. In this stop period, the back electromotive
voltage measuring unit 126 measures the back electromotive
voltage induced in the coil 21a. The measured result is
supplied to the CPU 122.
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Also, in the present illustrative embodiment, when the
energizing stopping process is performed on the coil 21a as
described above, in the stop period, the CPU 122 sets the
coil voltage V, of the coil 215 to a fixed voltage as the
constant voltage control. That is, in the stop period, the CPU
122 sets every coil other than the coil from which the back
electromotive voltage is measured, to the fixed voltage in the
stop period. A voltage level of the fixed voltage may be the
same voltage level (for example, a power supply voltage
level, a ground (GND) level, or the like) as that of the
previous coil voltage, or may be a predetermined reference
voltage level. Therefore, for example, when the energizing
stopping process is performed on the coil 21a, the coil
voltage V, of the coil 215 becomes constant (in the present
illustrative embodiment, for example, the power supply
voltage level).

When the voltage level of the fixed voltage is the power
supply voltage level, the coil current I, of the coil 215 when
the power-supply stopping process is performed on the coil
21a slightly rises as compared to the coil current I, flowing
in the period when the above-described PWM control is
being performed. In the stop period, since the coil voltage V,,
is constant, noise is not caused by application of the coil
voltage V,. Therefore, in the stop period, noise is not
superimposed on the coil voltage V,, of the coil 21a. Accord-
ingly, the back electromotive voltage induced in the coil 21a
can be accurately measured by measuring the coil voltage V,,
in the stop period. Therefore, erroneous detection of out-of-
step can be prevented.

Ifthe back electromotive voltage is measured as described
above, in the Step S114, the CPU 122 determines whether
the back electromotive voltage satisfies a predetermined
out-of-step detection reference, that is, the out-of-step detec-
tion reference value set in the Step S112. In other words, the
CPU 122 compares the acquired back electromotive voltage
value with the out-of-step detection reference value. Accord-
ing to the comparison result, it can be detected whether
out-of-step of the stepping motor 20 occurs. For example, if
the measured back electromotive voltage value reaches the
out-of-step detection reference value, the CPU 122 detects
that out-of-step of the stepping motor 20 occurs.

Subsequently, setting of the out-of-step detection refer-
ence based on the temperature information will be described.

In the present illustrative embodiment, before detecting
whether the stepping motor 20 is out of step, the out-of-step
detection reference value is set based on the temperature
information in the Steps S111 and S112. Then, based on the
set out-of-step detection reference value, it is detected
whether the stepping motor 20 is out of step.

It is known that the back electromotive voltage of the
stepping motor 20 depends on the temperature of the step-
ping motor 20. Therefore, the temperature information of the
stepping motor 20, and the temperature information of the
motor control device 10 corresponding to the temperature of
the stepping motor 20 are used to set the out-of-step detec-
tion reference value. The motor control device 10 is often
placed under the same environment as that of the stepping
motor 20. Also, the motor control device 10 operates accord-
ing to the operation of the stepping motor 20. Therefore, the
temperature of the motor control device 10 corresponds to
the temperature of the stepping motor 20. If that temperature
information is used to set the out-of-step detection reference
value, detection of out-of-step can be more accurately
detected.

In the present illustrative embodiment, more specifically,
the temperature measuring unit 128 acquires the temperature
of the control circuit 12, that is, internal temperature of the
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1C, as the temperature information. Here, the control circuit
12 is often placed under the substantially same environment
as that of the stepping motor 20. Also, the control circuit 12
operates according to the operation of the stepping motor 20.
Therefore, the internal temperature of the IC substantially
correlates with an environment (a situation such as an
ambient temperature) in which the stepping motor 20 is
placed, and the load status of the stepping motor 20. There-
fore, if the temperature information on the internal tempera-
ture of the IC is used to select the out-of-step detection
reference value according to the temperature, it can be more
accurately detected whether the stepping motor 20 is out of
step.

If the temperature information is acquired by the tem-
perature measuring unit 128, according to that temperature
information, the CPU 122 sets the out-of-step detection
reference value. In the present illustrative embodiment, the
CPU 122 determines which of three predetermined tempera-
ture ranges (temperature ranges of three ranks) the tempera-
ture represented by the temperature information acquired by
the temperature measuring unit 128 belongs to. Then, the
CPU 122 sets a reference value (threshold value) associated
in advance with one of the three temperature ranges to which
the temperature represented by the temperature information
is determined to belong, as the out-of-step detection refer-
ence value. For example, the correspondence relation
between each temperature range and a reference value is set
as a reference value set table in advance. The reference value
set table is stored, for example, in a storage unit (a memory)
(not shown) provided in the control circuit 12. Incidentally,
the correspondence relation may not be determined based on
that reference value set table.

In the present illustrative embodiment, as the three tem-
perature ranges, for example, three ranges, that is, a first
range equal to or lower than 5° C., a second range higher
than 5° C. and lower than 75° C., and a third range equal to
or higher than 75° C. are set. Further, the first range, the
second range, and the third range are associated with refer-
ence values V|, V,, and V; set as the out-of-step detection
reference value, respectively.

The CPU 122 determines which of the three temperature
ranges (the first to third ranges) the temperature represented
by the temperature information acquired by the temperature
measuring unit 128 belongs to. Then, the CPU 122 selects
the reference value associated with the range to which the
temperature represented by the temperature information has
been determined to belong, and sets the selected reference
value as the out-of-step detection reference value.

For example, it is assumed that the temperature repre-
sented by the temperature information acquired by the
temperature measuring unit 128 is 50° C. In this case, the
temperature belongs to the second range. Therefore, the
reference value V, associated with the second range is set as
the out-of-step detection reference value. The CPU 122
compares the set out-of-step detection reference value V,
with the back electromotive voltage value, thereby detecting
whether out-of-step of the stepping motor 20 occurs.

Similarly, when the temperature represented by the tem-
perature information acquired by the temperature measuring
unit 128 is, for example, 0° C., the reference value V| is set
as the out-of-step detection reference value. Also, when the
temperature is, for example, 100° C., the reference value V,
is selected as the out-of-step detection reference value. In
this way, based on the out-of-step detection reference value
corresponding to the temperature of the stepping motor 20,
it can be detected whether out-of-step of the stepping motor
20 occurs.
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Incidentally, the temperature range may be divided into at
least two ranges of the high temperature side and the low
temperature side, or may be divided into four or more
ranges. The temperature range may be divided into five, for
example, a range equal to or lower than 5° C., a range of 5°
C. to 45° C., a range of 45° C. to 60° C., a range of 60° C.
to 75° C., and a range equal to or higher than 75° C., or may
be divided into seven or more.

In the present illustrative embodiment, as described
above, the temperature corresponding to the temperature of
the stepping motor 20 is measured. Further, according to the
temperature acquired by the measuring, the out-of-step
detection reference value is set. Then, the set out-of-step
detection reference value is compared with the separately
measured back electromotive voltage, whereby out-of-step
is detected. The back electromotive voltage of the stepping
motor 20 depends on temperature. In the motor control
device 10, the out-of-step detection reference value which is
a reference for the back electromotive voltage at that detec-
tion timing is changed according to the temperature of the
stepping motor 20, thus out-of-step is detected. Therefore,
even in a state where the stepping motor 20 is at a com-
paratively high temperature or at a low temperature, occur-
rence of out-of-step of the stepping motor 20 can be detected
with a high degree of accuracy.

The out-of-step detection reference value is set by select-
ing a reference value associated in advance with a tempera-
ture range to which the temperature represented by the
temperature information belongs. Therefore, the out-of-step
detection reference value can be set by a comparatively
simple process.

Also, in the present illustrative embodiment, the tempera-
ture measured by the temperature measuring unit 128 pro-
vided inside the control circuit 12 is used to set the out-of-
step detection reference value. Since a “function of
measuring the internal temperature of an IC” which has been
used inside a control circuit 12 for motor control in the
related-art technique is used, the number of components of
the motor control device 10 can be reduced. Accordingly, the
manufacturing cost of the motor control device 10 can be
kept low. Also, the motor control device 10 can have smaller
size, and therefore, a space necessary to install the motor
control device 10 can be reduced. The internal temperature
of the IC substantially correlates with an environment (an
ambient temperature) in which the stepping motor 20 is
placed, and the load status of the stepping motor 20. Since
the temperature information on the internal temperature of
the IC is used to set the out-of-step detection reference value
according to the temperature, out-of-step can be more accu-
rately detected.

In the above illustrative embodiment, the temperature is
measured by the temperature measuring unit 128 provided
inside the control circuit 12; however, the present invention
is not limited thereto. For example, separate sensors may be
used to measure the temperature of the stepping motor 20,
the temperature of the motor control device 10 or a tem-
perature corresponding to that temperature.

Here, each temperature range may be associated with one
reference value as described above, or may be associated
with two or more reference values. For example, when a
plurality of reference values are used to set the out-of-step
detection reference, each reference value may be obtained
by a reference value set table.

FIG. 5 is a view showing an example of the reference
value set table.

In FIG. 5 also, three temperature ranges, that is, the first
range equal to or lower than 5° C., the second range higher
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than 5° C. and lower than 75° C., and the third range equal
to or higher than 75° C. are set. With respect to each
temperature range, three reference values (threshold values
V, V,, and V) are set.

Here, the threshold values V,, V,, and V_ are, for
example, as follow. That is, the threshold value V,, is for
comparison with the measured back electromotive voltage
value. Also, the threshold value V, is for comparison with
the absolute value of a change value in the back electromo-
tive voltage between consecutive measuring points. The
threshold value V_ is for comparison with a difference
between the absolute values of change values in the back
electromotive voltage in a period when the back electromo-
tive voltage changes such that consecutive change values
satisfy a predetermined condition.

These threshold values V,, V,,, and V_ are used to set the
out-of-step detection reference. That is, for example, as
disclosed in JP-A-2009-261045, if any one of a plurality of
conditions including a condition that the measured back
electromotive voltage value should satisfy a predetermined
condition with respect to the threshold value V,, a condition
that the absolute value of a change value of the back
electromotive voltage should satisfy a predetermined con-
dition with respect to the threshold value V,, a condition that
a difference between the absolute values of change values in
the back electromotive voltage should satisfy a predeter-
mined condition with respect to the threshold value V_, and
so on is satisfied, it may be determined that the out-of-step
detection reference is satisfied. Also, if a predetermined
number of (for example, two or more) conditions of the
plurality of conditions including them are satisfied, or all of
two or more specific conditions are satisfied, it may be
determined that the out-of-step detection reference is satis-
fied.

In the example shown in FIG. 5, in the reference value set
table, the first range is associated with threshold values V ;,
V1, and V_, serving as the three threshold values V, V,,
and V_, respectively. Also, the second range is associated
with threshold values V ,, V,,, and V_,. The third range is
associated with threshold values V_;, V5, and V. The
CPU 122 selects each of the threshold values V,, V,, and V_
associated with a temperature range to which the tempera-
ture represented by the temperature information acquired by
the temperature measuring unit 128 has been determined to
belong, and sets the selected threshold values as the out-of-
step detection references. Therefore, even when compara-
tively complex out-of-step detection references are used to
perform detection of out-of-step, the out-of-step detection
reference can be appropriately changed according to the
measured temperature. If the reference value set table is
used, the out-of-step detection reference can be set by a
comparatively simple process.

Incidentally, the CPU 122 is not limited to employ the
above-described method of selecting a reference value asso-
ciated with a temperature range, and may be configured to
set the out-of-step detection reference by various methods.
For example, the CPU 122 may be configured to use an
equation with temperature as a parameter to obtain the
out-of-step detection reference value.

For example, like the following equation, the out-of-step
detection reference value V may be expressed by a function
F(t) with the internal temperature t of the IC as a parameter,
and this function F(t) may be used to obtain the out-of-step
detection reference value V.

V=F()
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Specifically, for example, a mathematical expression
expressed like the following equation can be used to obtain
the out-of-step detection reference value V.

V=axt?+bxt+c (a, b, and ¢ are constants)

The above equation is a mere example, and the function
F(t) may be expressed as a high-dimensional function of an
order higher than the second order.

If an equation according to the dependency of the back
electromotive voltage on the temperature is used to set the
out-of-step detection reference value as described above, the
out-of-step detection reference value can be set more adapt-
ing to a change in the temperature. Therefore, it can be more
accurately detected whether out-of-step of the stepping
motor 20 occurs. Therefore, it can be more surely detected
whether the stepping motor 20 is out of step.

Subsequently, the post out-of-step-detection process will
be described.

In the present illustrative embodiment, for example, when
the actuator reaches an end stop and out-of-step of the
stepping motor 20 occurs, the post out-of-step-detection
process is performed such that the actuator immediately
moves reversely (a direction away from the end stop) and
then the stepping motor 20 stops, whereby the motor can be
prevented from spontaneously moving reversely.

FIG. 6 is a flow chart showing the post out-of-step-
detection process according to the present illustrative
embodiment.

As shown in FIG. 6, if the post out-of-step-detection
process starts, the process is performed from a Step S121.
That is, if the CPU 122 detects that the stepping motor 20 is
out of step, the stepping motor 20 is stopped in the Step
S115, and then the post out-of-step-detection process is
performed from the Step S121.

In the Step S121, the CPU 122 starts control such that the
stepping motor 20 rotates in the rotation direction (a second
rotation direction) reverse to the previous rotation direction
(a forward rotation direction; a first rotation direction).

In a Step S122, the CPU 122 stops the stepping motor 20.

In a Step S123, the CPU 122 starts to rotate the stepping
motor 20 forward again.

This control for rotating the stepping motor 20 forward
again is performed while it is detected whether the stepping
motor 20 is out of step. For example, the detection of
out-of-step may be performed as described above. That is, in
a Step S124, the CPU 122 controls the back electromotive
voltage measuring unit 126 to measure the back electromo-
tive voltage.

In a Step S125, the CPU 122 detects whether the stepping
motor 20 is out of step. If it is not detected that the stepping
motor 20 is out of step, the CPU 122 repeats the Steps S124
and S125 so as to measure the back electromotive voltage
and detect whether the stepping motor 20 is out of step. Also,
at this time, the number of steps by which the stepping motor
is rotated forward again may be set to be in a range less than
the number of steps during the reverse rotation. Therefore,
the actuator can be prevented from reaching the end stop
again with a strong strain.

If it is detected in the Step 5125 that the stepping motor
20 is out of step, in a Step S126, the CPU 122 performs a
process of stopping the stepping motor 20. If the stepping
motor 20 stops, the post out-of-step-detection process fin-
ishes. That is, the process of driving the stepping motor 20
finishes.

FIG. 7 is a view explaining the post out-of-step-detection
process.



US 9,473,056 B2

13

With reference to FIG. 7, the operation of the stepping
motor 20 in the above-described post out-of-step-detection
process will be described. For example, the operation of the
actuator during initial movement is assumed. First, when the
stepping motor 20 is rotating in a predetermined rotation
direction in a Step S11, if the actuator 1 reaches an end stop,
out-of-step is detected. Then, the stepping motor 20 is
stopped, and then the stepping motor 20 rotates reversely in
a Step S12 (“REVERSE”). Thereafter, the stepping motor 20
stops. Next, in a Step S13 (“FORWARD”), the stepping
motor 20 rotates forward again. Then, if out-of-step of the
stepping motor 20 is detected, the stepping motor 20 stops.

It is noted that the above-described process of the Step
S121 to reversely rotate the stepping motor 20 (the Steps S11
and S12 in FIG. 7) starts after it is detected that the stepping
motor 20 is out of step but before the stepping motor 20
spontaneously moves in the rotation direction reverse to the
previous forward rotation direction. That is, if the actuator 1
reaches the end stop, and out-of-step is detected, the motor
stops. In this state, due to the torque of the stepping motor
20, a strain (repulsive force to act reversely) is generated
inside the actuator 1. This strain is transmitted as a stress to
the stepping motor 20. The stepping motor 20 may be not
able to withstand the stress, so that the stepping motor 20
start moving, and the actuator 1 may spontaneously start
moving reversely. It is known that a time necessary for the
actuator 1 (the stepping motor 20) to spontaneously start
moving is different depending on temperature but is about 4
msec to 300 msec from when out-of-step is detected. There-
fore, the process of the Step S121 needs to reversely rotate
the motor at the latest within 300 msec after it is detected
that the stepping motor is out of step. Accordingly, the
internal strain of the actuator 1 can be alleviated (released)
before the actuator spontaneously starts moving.

Also, in the above-described processes of the Steps S121
and S122, the CPU 122 reversely rotates the stepping motor
20 by the number of steps by which the internal strain of the
actuator 1 can be alleviated, and then stops the stepping
motor 20. This number of steps may be appropriately set.
For example, the stepping motor 20 may be reversely rotated
by the number of steps corresponding to rotation of the
output shaft of the stepping motor 20 in a range from 0.5°
to 3°.

Also, as the internal strain of the actuator 1, an appropriate
member capable of being taken into account may be set
according to the configuration of the actuator 1. For
example, in view of not only the strain of the output shaft of
the actuator 1 but also the strains of other mechanical
components such as gears, the number of steps may be set
such that the internal strain is alleviated.

Here, the above-described process of the Step S123 to
rotate the stepping motor 20 forward again (the Step S13 in
FIG. 7) is effective if the stepping motor 20 is driven by a
torque of a range from 50% to 90% of the torque (normal
torque) during the previous forward rotation (shown in the
Step S11 in FIG. 7). If the stepping motor 20 is driven by a
low torque as described above, when out-of-step is thereafter
detected, and the stepping motor 20 stops, the internal strain
of the actuator 1 is reduced as the torque decreases. There-
fore, after the stepping motor stops again, spontaneous
reverse movement can be prevented, and thus the actuator 1
can be appropriately controlled.

[Others]

In the post out-of-step-detection process, when the step-
ping motor is reversely rotated and then is rotated forward,
the detection of whether the stepping motor is out of step
may not be performed, and the number of steps (an amount
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of driving) by which the stepping motor is rotated forward
again may be set to be in a range smaller than the number
of steps during the reverse rotation. For example, when the
stepping motor is moved reversely by 30 steps, thereafter,
the stepping motor may be moved forward by 10 steps. This
control makes it possible to surely move the stepping motor
to a position where the stepping motor does not reach the
end stop again with a strong strain, while preventing out-
of-step from occurring.

In a stop period of a control current of a coil of each
phases, the other coil is set to a fixed voltage, and the back
electromotive voltage is measure. However, the present
invention is not limited thereto. In a stop period of a control
current of a coil of a phase, the back electromotive voltage
relative to the corresponding coil may be measured regard-
less of whether the other coil is set to a fixed voltage. Also,
the back electromotive voltage may be appropriately mea-
sured at various timings.

Only a portion of the control circuit may be configured as
an integrated circuit. Also, a portion of a part of the motor
control device different from the control circuit may be
configured as an integrated circuit. The whole of the motor
control device may be configured as an integrated circuit.

The stepping motor is not limited to a two-phase motor.
For example, the stepping motor may be a five-phase motor.

A hardware configuration of the actuator such as the
stepping motor and the motor control device is not limited
to the above-described configuration. The configuration of
the actuator can be appropriately changed such that the
motor control device performs out-of-step detecting process
and the post out-of-step-detection process as described
above.

The above-described processes according to the illustra-
tive embodiment may be performed by software, or may be
performed by a hardware circuit.

It is also possible to provide a program for performing the
above-described processes according to the illustrative
embodiment, and the corresponding program may be
recorded in recording media such as a CD-ROM, a flexible
disk, a hard disk, a ROM, a RAM, and a memory card to
provide to users. The corresponding program may be down-
loaded to an apparatus through a communication line such as
the Internet. The processes described in sentences in the
above-described flow charts may be performed according to
the corresponding program by the CPU or the like.

It should be understood that the illustrative embodiment
disclosed herein is illustrative and non-restrictive in every
respect. The scope of the present invention is defined by the
terms of the claims, rather than the description above, and is
intended to include any modifications within the scope and
meaning equivalent to the terms of the claims.

What is claimed is:

1. A motor control device controlling an energizing state
of a coil of each phase for driving a stepping motor having
multiple phase coils, the motor control device comprising:

a drive circuit that drives the stepping motor,

a control circuit that controls the drive circuit; and

wherein the drive circuit and the control circuit collab-

oratively operates to:

detect whether the stepping motor is out-of-step; and

when the out-of-step of the stepping motor is detected,

rotate the stepping motor in a second rotation direction
reverse to a first rotation direction that is a rotation
direction of the stepping motor before detecting the
out-of-step, by a number of steps with which a stress
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received by the stepping motor is alleviated, to prevent
spontaneous rotation of the stepping motor in the
second direction.

2. The motor control device according to claim 1,

wherein the drive circuit and the control circuit further
collaboratively operate to:

drive the stepping motor in the first rotation direction
again after completing to drive the stepping motor in
the second rotation direction.

3. The motor control device according to claim 2,

wherein the drive circuit and the control circuit further
collaboratively operate to:

when driving the stepping motor in the first rotation
direction, drive the stepping motor while detecting
whether the stepping motor is out-of-step.

4. The motor control device according to claim 2,

wherein the drive circuit and the control circuit further
collaboratively operates to:

when driving the stepping motor in the first rotation
direction, drive the stepping motor by a torque smaller
than a normal torque during a previous rotation in the
first rotation direction.

5. The motor control device according to claim 2,

wherein the drive circuit and the control circuit further
collaboratively operates to:

when driving the stepping motor in the first rotation
direction, drive the stepping motor by a torque in a
range from 50% to 90% of a normal torque during a
previous rotation in the first rotation direction.

6. The motor control device according to claim 2,

wherein the drive circuit and the control circuit further
collaboratively operate to:

when driving the stepping motor in the first rotation
direction, drive the stepping motor by an amount of
driving which is smaller than an amount of driving in
the second rotation direction.

7. The motor control device according to claim 1,

wherein the controller unit comprises an acquiring unit
configured to acquire temperature information on a
temperature of the stepping motor or a temperature
corresponding to the temperature of the stepping motor,

wherein the drive circuit and the control circuit further
collaboratively operate to:

detect whether the stepping motor is out-of-step based on
a detection reference for detecting the out-of-step of the
stepping motor according to the temperature informa-
tion acquired by the acquiring unit.
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8. A control method of a stepping motor having multiple
phase coils, the control method comprising:

detecting whether the stepping motor is out-of-step; and

when it is detected that the stepping motor is out-of-step,

rotating the stepping motor in a second rotation direc-
tion reverse to a first rotation direction, which is a
rotation direction of the stepping motor before detect-
ing out-of-step, by a number of steps with which a
stress received by the stepping motor is alleviated, to
prevent spontaneous rotation of the stepping motor in
the second direction.

9. The motor control device according to claim 1, wherein
the drive circuit and the control circuit further collabora-
tively operate to:

measure a back electromotive voltage of the stepping

motor; and

detect whether the stepping motor is out-of-step based on

the measured back electromotive voltage.

10. The control method of claim 8 further comprising the
steps of:

measuring a back electromotive voltage of the stepping

motor; and

detecting whether the stepping motor is out-of-step based

on the measured back electromotive voltage.

11. A motor control device controlling an energizing state
of a coil of each phase for driving a stepping motor having
multiple phase coils, the motor control device comprising:

a drive circuit that drives the stepping motor,

a control circuit that controls the drive circuit; and

wherein the drive circuit and the control circuit collab-

oratively operate to:

detect whether the stepping motor is out-of-step by mea-

suring a back electromotive voltage of the stepping
motor and determining if the stepping motor is out-of-
step based on the measured back electromotive voltage;
and

when the out-of-step of the stepping motor is detected,

rotate the stepping motor in a second rotation direction
reverse to a first rotation direction that is a rotation
direction of the stepping motor before detecting the
out-of-step, by a number of steps with which a stress
received by the stepping motor is alleviated, before the
stepping motor spontaneously rotates in the second
direction.



